INTRODUCTION
demonstrated theoretically that at 37.0GHz, the frequency at which the Nimbus-6 ESMR (ESMR-6) sensor measures upwelling radiance, the scattering by hydrometeors is strong enough to render a qualitative interpretation of rain over land.
Furthermore, Weinman and Guetter (1977) demonstrated from theoretical considerations that the upwelling radiation at 37.0GHz emerging from hydrometeors is essentially unpolarized. This in contrast to wet land surface whose reduced emissivity (due to surface moisture) becomes highly polarized when viewed obliquely.
Thus, it is reasonable to conclude from these theoretical considerations that rain over dry land surfaces can be at least qualitatively monitored employing 37.0GHz radiometer measurements from ESMR-6.
It is the purpose of this study to substantiate the above conclusions and to arrive at aJq-algorithm which detects rain over land by statistically analyzing ESMR-6 data.
This statistical analysis will be performed by first sampling three categories of ESMR-6 brightness temperatures (T B's) (representing rain over land, wet land surfaces without rain, and dry land surfaces), then testing these populations for uniqueness, and finally developing a classification algorithm to delineate rain over land.
THE ESMR-6 SYSTEM
The ESMR-6 system flown aboard Nimbus-6 (Wilheit, 1975) 
DATASAMPLING
Inorder todevelop analgorithm which classifies agiven ESMR-6 instantaneou fieldofview(IFOV) asrainover land, dryland surface, orwetlandsurface, simultaneous ground stations andradar measurements ofrainandESMR-6 TBwere needed Eight daytime synoptic scale rainfall cases over theSoutheastern United States were used where surface rainratedatatakenfromstations reporting hourlyrainfall a_mounts andfromtheWSR-57 radar coincided withtheNimbus-6 overpass towithin5minutes. The surface temperature ineach ofthese cases was notless than5°C. Rain areas were sampled within areas delineated asrainbytheWSR-57 radar (rainrates/> 2.5mmhr-1)and/or thestation reporting hourly rainfall amounts. Wet land surfaces were sampled inareas where rainhadfallen within 3hours andupstream andadjacen totheraincells observed ontheWSR-57 radar. Dryland surfaces were sampled over areas where rainhadnotfallen withina24hr.period previous to theNimbus-6 pass. Figure 1presents thescatter plotof thesampled data.TheC'srepresent the mean points of thepopulations. Each of thefrequency concentration ellipses encompasses 68percent (onestandard deviation) of thedatafromtherespective populations. These ellipses reveal theextent of scattering of thedatafromeach population, thecorrelation between thevariables TH andTv in each population (thehigher thecorrelation thelarger theeccentricity of theellipse), andtheextentof overlap among thepopulations. It canbeseen thatthelargest overlap is between thepopulations representing rainareas andwetlandsurfaces. Thisambiguity maybeattributed to thefactthatanESMR-6 IFOV(pixel)partiallyfilled withmoderate to heavy rainor completely filledwithverylightrainis influenced bythewetsurface background andconsequently produces asignature somewhat similar to thatof wetlandsurfaces.
STATISTICAL ANALYSIS
Thethreeconcurrent lines drawn in thisfigure aretheFisher discriminant lines.These lines separate two-by-two theensemble of pointsrepresenting rain overland, drylandsurfaces, andwetlandsurfaces.
Table1shows theelementary statistics of thesampled data.It canbeseen fromFigure 1andTable1,thattheTBrepresenting rainoverlandarecolder than those representing drylandsurfaces. However, thiswill notalways bethecase. Since thesurface emission isgiven by eT s (e is the surface emissivity and T s is the Prior to employing these data for the development of classification algorithms, an examination was made to verify whether the three populations were statistically distinguishable from one another.
To accomplish this, tests were carried out first to determine the significance of the differences between the means of any two classes and second to estimate the simultaneous confidence intervals for the differences of the means of any two populations. It was found that the differences between the means of any two classes were highly significant and that the probability that the mean vectors of any two populations coincide was less than 1 in 100. The simultaneous confidence intervals computed according to Scheffe's procedure showed that none of the intervals contained zero except the one for the differences between the means of horizontal polarized TB's for wet land surfaces and rain over land. However, the three populations are distinguishable from one another when the dual polarization information is taken into account simultaneously. It should be noted that the lower bounds for the differences of the means of the TB's for rain over land and wet land surfaces are very small when compared to those of the other two pairs of the populations.
Hence, it will be more difficult to detect rainfall over land from wet land surfaces.
Since the populations were found to be statistically distinguishable and satisfied the Gaussian frequency distribution, the Bayesian pattern recognition technique was employed to develop a classification algorithm to detect and delineate active rainfall areas from wet and dry land surfaces. (Rodgers, et al., 1978.) ERROR ANALYSIS An error estimate was made in order to evaluate the performance of the classification algorithm.
The error rates were computed according to the asymptotic formulas given by Okamoto (1963) .
The results are seen in Table 2 which shows that the chances of incorrectly classifying wet or dry land surfaces as rain over land is nearly 23 percent.
But when a given ESMR-6 pixel is classified as rain over land and each of the eight contiguous pixels clustered around it is also classified as rainfall over land, then the chance of misclassification of that central pixel is reduced to 7.7 x 10 -6 percent assuming each pixel is independently classified. Table  3 displays the actual probabilities that the classification algorithm classifies the sampled data into various populations as indicated. The average accuracy is computed by taking the mean of the diagonal elements of the corresponding error matrices. The apparent average accuracy compares well with the estimated average. Only regions covered by clusters of contiguous pixels classified into a single individual class are shown, since the probability of misclassifying clusters is much less than that of a single pixel.
A comparison
of Figure  2 with Figure  3 shows good agreement between areal distribution of ESMR-6 derived rain over land and observed rain (no attempt was made to verify wet surfaces areas). However, the classified area of rainfall over North Carolina and Southwestern Georgia is contrary to ground observations. The rainfall indicated by ESMR-6 over North Carolina may be suspended liquid water in the clouds ahead of the rain area (the area of rain was moving NE towards North Carolina).
On the other hand, the ESMR-6 delineated rain over Southwestern Georgia, which was upstream from the rain area, may be due to wet land surfaces produced by the rain that fell a few hours prior to the Nimbus-6 pass.
The Bayesian classification algorithm was applied to another case (1645GMT August 27,1976, surface thermodynamic temperatures >/ 15°C) over the same geographical area as the previous case in order to determine whether the surface characteristics (vegetation, soil moisture, and surface roughness) had influenced the classification algorithm performance in the previous case. During this period, the area in question was under the influence of a Bermuda high and there was only convective rainfall in the area, particularly along the Gulf States. Results showed that the only areas classified as rain over land were along the Gulf Coast. The regions in the previous case where the algorithm showed rainfall were classified as dry land surfaces.
Hence, there was no influence of extraneous surface characteristics on the outcome of the previous case study.
However, contradicting results occurred when the Bayesian classification algorithm was applied to a night time Nimbus-6 pass over the same geographical area (0525GMT, September 13, 1976, surface thermodynamic temperature/> 15°C) where there was no synoptic scale rainfall reported.
Almost all pixels were classified by the algorithm as rain over land. Examining the ESMR-6 T B showed that the temperatures were below 0°C. This anomaly may be attributed to the change in the surface emissivity caused by the presence of dew on the vegetation.
Therefore, the pattern classification algorithm trained by data sampled from Nimbus-6 daytime passes can be employed only when dew is absent.
CONCLUSIONS
Statistical analyses were performed on the sampled ESMR-6 data for the purpose of detecting rainfall areas over land from dry and wet land surfaces.
It was found from these studies that synoptic scale rainfall over land, where surface thermodynamic temperatures were greater than 5°C and the vegetation was bereft of dew, could indeed be delineated despite the large ESMR-6 IFOV. However, there was some ambiguity in distinguishing between rainfall areas and wet land surfaces. 
